Resolving the phylogeny of the hominoid primates is a test case for molecular systematic methods because, by most genetic measures, humans, chimpanzees, and gorillas are very closely related. Recently, Sibley and Ahlquist (1984) applied DNA-DNA hybridization techniques to infer the hominoid phylogenetic tree with humans and chimpanzees closest. Templeton (1983 Templeton ( , 1985 argues rather that the chimpanzee and gorilla are closest relatives and criticizes the DNA-DNA hybridization methodology in general as well as Sibley and Ahlquist's analysis in particular. As part of this criticism, Templeton introduces the delta Q-test, a nonparametric test ofphylogenetic relationships that is based on distance data. Applied to the DNA-DNA hybridization data, this test favors Sibley and Ahlquist's phylogeny over his own-but, according to Templeton ( 1985) , not significantly. Not only does this test not support Templeton's favored phylogeny over Sibley and Ahlquist's, but it can be shown that, contrary to his claim, the delta Q-test lacks sufficient power to discriminate between these phylogenies.
genes measured by DNA-DNA hybridization methodology. DNA melting profiles measure the degree of overall nucleotide mismatch between two pools of DNA. For phylogenetic determinations, "single-copy" DNA is used; it is the fraction containing one copy of all genomic sequences, including at least one copy of each repeated DNA sequence. Such "single-copy" DNA contains 95%-98% of the total genomic sequence complexity (Britten 197 I) , although it may be only 60% of the total DNA. The measure delta TsOH is a parameter summarizing the overall nucleotide mismatch between all the single-copy DNA of any two genomes. In contrast to restriction-map analyses and DNA sequence studies -which generally sample on the order of lo2 and 103-lo4 bp, respectively-DNA-DNA hybridization experiments involve all of a genome's singlecopy DNA, at least 10' bp, a factor that is 104-lo6 greater. Therefore, the possibility for stochastic error in DNA-DNA hybridizations compared to that in sampling very limited proportions of the genome (as discussed by Ewens 1983 ) is reduced by many orders of magnitude. Other factors that might influence evolutionary stochasticity (such as population size, generation time, etc.) can be evaluated by the relative-rate test (Sarich and Wilson 1967) . Templeton further argues (1985) that "mutational events can create extremely large and phylogenetically misleading distances as detected by single-copy DNA-DNA hybridization over short time intervals." But the two references he cites do not substantiate these claims. Hake and Walbot ( 1980) maintain that phylogenetic uncertainty occurs with plant data because genetic similarity (measured by whatever method) can result from either true phylogenetic affinity or extensive crossbreeding. Their calculated divergence times for maize and related grasses were an order of magnitude greater than that expected on the basis of biogeographical considerations. However, this discrepancy may result from use of a vertebrate calibration and/or from intense selection by human cultivation (the latter explanation is preferred by Hake and Walbot) . This is therefore not a criticism of the use of DNA-DNA hybridization techniques for phylogenetic studies in nondomesticated vertebrates. Zweibel et al. (1982) found that DNA-DNA hybridization data help delineate the nature of genetic change between species. For example, the pattern of smallest delta TSo values between Drosophila melanogaster and both D. simulans and D. mauritiana (1) allowed the identification of these three species as being most closely related, and (2), combined with a relatively low percentage of hybridization between D. melanogaster and the other two species (rather than a high percentage -as in, for example, the hominoids), suggested the presence of a quickly evolving single-copy DNA component in D. melanogaster. If one confused percentage of hybridization with delta TsO values, these results might appear misleading. In this study, DNA-DNA hybridization monitored both the quickly evolving fractions and the regular, slow accumulation of mutations in the more conservative fraction among Drosophila species. Within the hominoids, since percentage of hybridization remains high (90%-100%) (Kohne et al. 1972 ; C. G. Sibley and J. E. Ahlquist, personal communication), large genetic distances are not quickly accumulated in any species, as they apparently are in Drosophila. Therefore DNA-DNA hybridization can indicate whether a species has a quickly evolving DNA fraction, as well as give a measure of the relative divergence of the rest of the single-copy DNA.
Templeton claims that the strongest support for the argument that the chimpanzee and gorilla are most closely related is his own analysis of the mitochondrial DNA restriction-map data ( 1983) . However, his analytical method has been criticized by Nei and Tajima (1985) . After reanalyzing the same data set, found that the data were unable to resolve the human-chimp-gorilla triad with statistical significance, although they are consistent with Templeton's preferred phylogeny. Also consistent with his preferred phylogeny (chimpanzee and gorilla closest) are O'Brien et al's allozyme data (1985) . However, more molecular data sets are consistent with the phylogeny having the human and chimpanzee closest: DNA-DNA hybridization data (Sibley and Ahlquist 1984) , mitochondrial sequence data analysis of Brown et al. 1982 , globin pseudogene sequence data (Goodman et al. 1984) , ribosomal gene restriction-enzyme-map data (Wilson et al. 1984) , and amino acid sequence data of hemoglobins, fibrinopeptides, and myoglobin (Dayhoff 1972 (Dayhoff , 1973 (Dayhoff , 1978 Goodman et al. 1983 ; analyzed by . Of the sum total of nucleotides sampled in all hominoid genomes, an overwhelmingly greater proportion is in this latter group. Therefore the vast majority of hominoid molecular-sequence information supports the phylogeny having the human and chimpanzee closest.
It is worth noting that there are problems with restriction-endonuclease-map data. Templeton's comments on stochasticity and nonresolvability of mutational types are indeed directly applicable here. We have already discussed sampling problems that inevitably arise when a small subset of a species genome is taken as a representative sample of the entire genome (Ewens 1983) . The primate mitochondrial DNA data set (Ferris et al. 1981) analyzed by Templeton assays 280 bp out of the entire genome. Additionally, the usual restriction-enzyme-fragment data set records loss or gain of sites only within certain limits of resolution, for example, to within 10 bp (Ferris et al. 198 1) or 165 bp (Brown et al. 1979 ). Higher resolution, to within 2 bp, was achieved in one study (Cann and Wilson 1983) , but in that case a representative sequence was available and only individuals within the same species were compared. When restriction-enzyme data are used, types of mutational events-whether point mutations, small deletions, or insertions-are indistinguishable below an experimentally defined limit.
Another possible problem with the particular restriction-enzyme data set analyzed by Templeton is its use of mitochondrial DNA. Mitochondrial sequences can yield phylogenies different from those based on nuclear genes (Ferris et al. 1983; Powell 1983; Spolsky and Uzzell 1984) . Discrepant cases may be the result of a population bottleneck through one female or of frequent hybridization combined with different relative selective pressures against nuclear and mitochondrial DNA introgression. If species are defined by their nuclear genes (Ferris et al. 1983) , then mitochondrial DNA trees are potentially phylogenetically misleading.
Templeton also discusses another hominoid DNA-DNA hybridization study (O'Brien et al. 1985) , which has less experimental resolution than Sibley and Ahlquist's. There the smallest temperature difference was between the human and the gorilla (averaged reciprocals, 1.80 degrees C), but the other two relevant measurements were barely larger: 1.85 degrees C for human-chimpanzee and 1.95 degrees C for chimpanzee-gorilla (Templeton's preferred closest pair). The range of these three comparisons is 0.15 degrees C, less than the SD (0.2 degrees C) of the estimates. These researchers used fewer trials (N = 2-9) than did Sibley and Ahlquist and only one individual per species. Although these authors do not claim to have resolved the human-chimpanzeegorilla triad, Templeton implies in his discussion that the two data sets are of equal discriminatory power. However, O'Brien et al.'s hominoid data are like the older data of Hoyer et al. ( 1972) and Benveniste and Todaro ( 1976) -that is, they cannot, unlike Sibley and Ahlquist's data, discriminate experimentally among these very close branching points.
Concerning phylogenetic reconstruction, Felsenstein ( 1983) has raised an important issue that is often ignored-that is, that algorithms do not usually provide confidence estimates. Templeton attempts to assess statistical significance by adapting a heuristic measure designed originally to detect patterns in very unstructured data (Pielou's Q-statistic 1979) . The Q-statistic indicates how "well-ordered" the entries of a matrix are compared to a matrix of randomly ordered entries. Delta Q, the difference in (modified) Q-values between two distance matrices, is the difference in "wellorderedness" between them. Templeton claims that delta Q allows one to test alternative phylogenies of a restricted branching topology. Applied to the DNA-DNA hy-bridization distance data, the Q score of the phylogeny having the human and chimp closest (Q = 175, the maximum possible score) is greater than that of Templeton's preferred tree (Q = 17 1); therefore the delta Q-test favors the human-chimp tree, but not significantly, according to Templeton's table 2. Since there is no significant discrimination, we can ask, Is it the data or the test (or possibly both) that lacks resolution?
That the delta Q-test is inadequate can be seen by using "idealized" rate-constant distance data. The corresponding rate-constant idealized-distance matrix can be perfectly ordered, with entries equal within each column and increasing across columns (in the upper diagonal case). For the 7 X 7 perfectly ordered matrix, it can be demonstrated that interchanging third and fourth branches (equivalent to testing Templeton's vs. Sibley and Ahlquist's phylogeny) can never be significantly different at the 5% level by the delta Q-test. Even with ideal distance data, which have a clear-cut best-fit phylogeny associated with them, the delta Q-test is statistically insensitive for discriminating between such alternative trees. Since the delta Q-test cannot discriminate between two phylogenies in the case where one is clearly not only better than the other but optimal, why should we think this test can be of any use generally in phylogenetic assessment?
What we really want to know is which two species among the human, chimpanzee, and gorilla are most closely related. If we average the two Pan species in order to apply the delta Q-test to all three alternative trees, we find that the delta Q-test favors a human-chimp closest association over the two alternative trees, but not significantly. In other words, the delta Q-test cannot resolve the triad. This is not surprising, however, because, again, in the idealized-distance data case, the delta Q-test can be shown to be incapable of discriminating between these phylogenies.
Templeton gives the impression that, in terms of usefulness for reconstructing phylogenetic trees, there is a hierarchy to the types of data: restriction enzyme data, DNA sequence data, and DNA-DNA hybridization data, in descending order.* This is most disturbing, since in terms of the proportion of the genome sampled, singlecopy DNA-DNA hybridization compares 95%-980/o of the total genomic information between two species, while sequence and restriction-enzyme-map studies examine 104-lo6 times less.
